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Abstract 
Alpine grassland ecosystem of the headwater area of three rivers, Qinghai-Tibet plateau, has been degraded during past decades 
due to the intensified human activities and climate change. The severely degraded grassland, named “black-beach” has partly 
been restored with planting the located quality forage and fertilizing in recent years. In this study, we collected soil samples (0-4 
depth) from three grasslands at different cultivated ages (cultivation of 4, 7 and 9 years) and one natural grassland at severely 
degraded level (served as a control) to explore the effect of pasture cultivation on soil nutrients. In addition, the size and the 
depth of the bare patches in the severely degraded grassland were investigated to estimate cultivated grasslands’ capability of 
fixing the soil substances and recovering the soil nutrients. The results showed that the soil nutrient in the cultivated pasture 
declined at the early stage of cultivation, increased with cultivated ages, i.e., total N, total C, Ca, and P in soils at 0-4cm depth 
increased 10-23% after 9 years of cultivation. Pasture cultivations can be regarded as a good strategy to fix the soil surface and 
recover the soil nutrients of severely degraded grassland on the Qinghai-Tibetan Plateau of China. 
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1. Introduction 
On Qinghai-Tibetan Plateau, the natural alpine grassland has been suffering severe degradation during the past 
decades. About 4.5×107 hm2 grassland has been degraded, which occupies the one thirds area of the Plateau[1,2]. As 
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two main reasons for the degradation, human activity and climate changes destroyed the sod that protected the soil 
and accelerated wind and water erosion, resulting to the loss of soil volume and quality[3,4]. Severe soil degradation 
have been not only deteriorating the soil quality and condition of alpine grassland systems, but also influencing 
other element of local eco-environments. 
The grassland degradation on the Plateau has been arousing many scientists and policy-makers to pay attentions 
in recent years[5]. Some restoration measures such as grazing ban, grassland fallow, grassland enclosure, rodent 
control and pasture cultivation have been adopted to combat the grassland degradation[6]. At the headwater areas of 
three rivers-Yangtze River, Yellow River and Lancang-Mekong River, pasture cultivation has been experimented 
for reducing the soil erosion and improving soil fertility to recover the severely degraded grassland, the “Black-
beach”, one of serious ecological problems on the Plateau[7,9]. With financial support from central and provincial 
governments, approximately 2,000 km2 of cultivated pastures have been developed on the “black-beach” just in 
Golog Prefecture of Qinghai Province from 1998 to 2002[14]. Effect of pasture cultivation on recovering the soil 
nutrient, promoting the sustainability of animal husbandry and environmental protection are major concerns for 
researchers, policy makers, and pastoralists. 
The effect of soil restoration of grassland can be evaluated by clarifying changes in some selected soil properties 
such as soil nutrient[10]. Although this method has been used in China for quite a long time, the relevant research 
start to be launched on the Plateau in recent years[11]. Wei et al (2007) found that the soil nutrient including organic 
matter, total nitrogen and total phosphorus decreased with the increased degradation, the similar tendency was 
observed in soil water content by Wang et al[12,13]. Generally, few researches on this topic have been done and 
very little information on this issue is available in the headwater areas of three rivers on the Qinghai-Tibetan Plateau 
of China. In this sense, this study was designed to investigate the changes of some soil nutrient and volume with the 
age of cultivated pasture to clarify the impact of pasture cultivation on recover of the soil fertility and to estimate  
the time required for substantial recovery of severely degraded alpine grassland through re-vegetation. 
2. Materials and methods 
2.1. Description of the study area 
The headwater area of three rivers, with 302,500km2 land size, is located in central Qinghai-Tibetan Plateau. It is 
a typical alpine grassland zone with an average altitude of higher than 4,000m[8]. It has the typical plateau 
continental climate, with hot summer and cold winter. The alpine grassland in this area has been severely degraded 
during the past decades, mostly due to the overgrazing, especially the Tibetan sheep and Yak grazing. Some of 
Figure.1. Map of the studied area. 
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degraded grasslands including “Black-beach” have been restored through cultivating the pastures. Among them, our 
experimental site of Dawu village is a good example. As shown in fig 1., Dawu village, Maqin county of Golog 
Tibetan Autonomous Prefecture of Qinghai Province, China, is situated in central Qinghai-Tibet Plateau (34° 
28′11″N, 100° 12Ą39ąE) The average altitude of the site is more than 4200m with a typical plateau continental 
climate. This region has not distinct four seasons, replaced by long and dry coldseason, and short and rainy 
warmseason. The annually average temperature is -0.6ć, the lowest and the highest monthly mean temperature is -
12.6ć in January and 9.7ć in July, respectively. Annual accumulated temperatures above 0ć and 5ć are 
1202.6ć and 865.0ć, respectively. Mean annual precipitation is 513mm, occurring mainly from May to September. 
Average annual evaporation is 1459mm. Mean annual precipitation is 600mm, of which approximately 80 percent 
falls from May to September. The sunshine duration of this area is ample with annual sunshine hours are 2571h. 
There is no absolutely frost-free period. The soil is classified as alpine meadow soil according to Chinese Soil 
Classification System. The soil is rich in nitrogen, phosphorous and potassium[5]. The primary vegetation is alpine 
meadow dominated by Kobresia spps., Polygonum spp. and Poa spps,[13]. 
2.2. Soil sampling 
2.2.1 Experiment  
The experiment was conducted on the cultivated pastures with different ages (cultivation of 4, 7and 9 years) and 
the severely degraded grassland (abbreviated to SDG), which was regarded as the control. All the treatments were 
placed in 4 neighboring plots (100u100 m2) within a field around 5 km2, so as to keep similar physical environment 
and land management. 
Soil sample were collected in July 2009, the grass growing season. Three different locations were selected as 
field replicates in the each grassland. At each location, the soil samples (0-4cm depth) were collected from 3 points 
by soil auger (D=3.5cm), then dried in the shade, mixed and pooled as one composite sample. In addition, the 
numbers, size and depth of bare patches in 3×3 quadrats of severely degraded grassland (SDG) were investigated in 
the same time. 
 
2.3. Laboratory analyses 
Soil sample were air-dried and roots and other debris were picked up by hand. Air-dried samples were finely 
ground to pass through a 20 mesh sieve and a 100mesh sieve (for measuring C, H, and Ca, P, respectively). Soil 
total C and total N were measured by Vario El element analyzer(Elementar company, Germany). Soil calcium (Ca) 
and total phosphorus (P) were determined by ULTIMA Inductively Coupled Plasma Spectrometer (JY Company, 
France). 
2.4. Statistical analyses 
All the data are presented in means of the replicates. One-way analysis of variance (ANOVA) and least 
significant difference (LSD) test were carried out using the SPSS software to compare difference in soil nutrient 
among different treatments. 
3. Results 
3.1. Changes in soil nutrient of the cultivated grassland 
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As shown in Fig 2. the ages of cultivation have the significant effect on the total N and total C. The concentration 
of total N shows a ‘U’ shape tendency, with increased age of cultivated pasture, i.e., declined first, increased 
thereafter. The percentage of total N in the grasslands was 34.2% in year 4, declined to 27.1% in year 7, and then 
increased to 40.6% in year 9, but the soil total N content in all the cultivated pastures was much lower than that in 
the severely degraded grassland, which had total N content of 59.2% (P˘0.05). Total C content in soil showed a 
similar tendency as total N in soil, and the C/N ratio in soil did not change greatly. Total soil C was highly relevant 
with total soil N. Soil Ca also presented a fairly similar tend to total soil C and N. 49. 6% of total Ca was lost in the 
4 years of cultivated grassland compared to that of 7 years of cultivation, but 79.2% was gained in years 9. And the 
content of Ca was the highest in year 4, which was not same as total N and C. As to total P, the content had an 
increasing tendency with the cultivated time, but the content of SDG grassland is the lowest in the four grasslands. 
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Figure 2.Changes in soil total C, total N, total Ca, total P and C/N in the grasslands 
Symbol definitions: 4, 7 and 9, restorative years; SDG, severely degraded grassland 
3.2. Soil quality and nutrient loss on the SDG 
When we took the soil bulk density of alpine meadow as 1.4g噝 cm-3 reported by Wang et al[7], the loss of soil 
volume, total C, total N,  Ca, P in severely degraded grassland were calculated and presented in Table 1. It can be 
seen that the loss of soil quality is huge up to 1732.27 tons in each square kilometre, and the soil nutrient also eroded 
with loss of soil quality, especially for soil C, about 116.12t soil C was disappeared of each square kilometre in SDG, 
even the soil P the amount also exceeds 1 ton. 
 
Table 1. Loss (ton) of soil quality, total C, total N, total Ca and total P in each km2 of severely degraded grasslands 
 
 Soil quality(t) Total C Total N Total Ca Total P 
SDG 1,732.27 116.12±31.75 9.17±2.23 9.96±0.46 1.1±0.01 
4. Discussions 
Evidence indicates that lightly and moderately degraded meadows can be recovered to their initial state within 
10–20 years by reducing external disturbance such as overgrazing and the rodent damage[1]. For severely degraded 
meadow, the strategy for restoring is re-vegetation, followed by appropriate management[14,15]. For soil fertility, 
the recover through pasture cultivation needs quite a long time. 
From the present study, it was found that soil nutrients can keep increasing after a couple of years’ pasture 
cultivation, i.e., total N, total C, Ca and P can be promoted by19%, 13%, 10% and 23%, respectively in year 9 when 
compared with year 4. This is consistent with Feng et al.’s findings that total C and P were increased after 7 years’ 
pasture cultivation[16]. The soil fertility of cultivated pasture was slightly lower than that of natural degraded 
grasslands. One possible reason is that the grassland restoration may disturb the soil systems greatly, but the 
restoration protected the soil from the erosion, which also prevent the soil fertility loss. Soil nutrient, as an important 
environmental factor for plant growth, is a key component for evaluating ecosystem function, restoration and 
maintenance[17] The research of soil nutrient can make a contribution to understand the change of grassland 
functions. 
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